. 2etu and NiCl 2 . 4etu (eu = ethyleneurea, etu = ethylenethiourea and pu = propyleneurea) were synthesized and characterized by elemental analysis (C, H, N), infrared spectroscopy (IR) and thermogravimetry (TG). IR Results show that eu and pu coordinate through oxygen, whereas etu coordinates through nitrogen. For all investigated adducts, a single mass loss step associated with the release of ligand molecules is observed. Empirical correlations involving TG and IR data are established.
INTRODUCTION
Thermogravimetry (TG), differential scanning calorimetry (DSC) and solution calorimetry are extensively employed to study, from an energetic point of view, the interaction between chemical species of biological interest, as well as of model molecules with transition metal cations from groups 3 to 12 of periodic table. The interactions of caffeine 1 and imidazole 2, 3 with zinc group halides have recently been the subject of such investigations. Ethyleneurea (eu), ethylenethiourea (etu) and propyleneurea (pu) have been employed for the synthesis of a series of adducts with Zn(II), Cd(II), Cu(II), Co(II), Sn(II), Ni(II) and Ce(IV). [4] [5] [6] [7] [8] [9] [10] [11] [12] The interaction of ethyleneurea with V(V) in an octahedral environment was also investigated, through the synthesis and characterization of the first VOPO 4 . 2H 2 O intercalation compound prepared with both the host and guest molecules in the solid state at room temperature. 13 Such studies have been performed due to the similarity of eu, etu and pu with very many molecules of biological interest, such as the purine bases guanine and xanthine and the pyrimidine bases thymine and cytosine. The structural formulas of eu, etu and pu are shown in Fig. 1 
EXPERIMENTAL
The employed reagents (Aldrich) were of analytical grade and were employed without further purification.
Molybdenum adducts were prepared by previous dissolution of both, molybdenum chloride and ligands in water, at 25 ºC, followed by the mixing of the prepared solutions. No magnetic or mechanic stirring was employed. The precipitates were then filtered off, washed with bi-distilled water and dried under vacuum at room temperature for 12 h.
Nickel and aluminum adducts were synthesized through a solid state route previously described, [5] [6] [7] [8] [9] [10] [11] [12] by grinding stoichiometric amounts of the metal halide and ligands in a mortar, at 25 ºC, for 30 min. A comparison of the IR spectra of free ligands and adducts confirms that free ligands were not present after grinding. The solid state reaction procedure employed was successful, yielding adducts containing a minor amount of adsorbed water, which were dried under vacuum at room temperature for 24 h.
Germanium adduct was prepared by dissolution of a stoichiometric amount of etu into liquid GeCl 4 at 25 ºC followed by evaporation in a fume hood at room temperature for 10 h. The resulting solid was dried under vacuum at room temperature for 8 h.
C. N and H contents were determined using a Perkin-Elmer microelemental analyser. IR Spectra were recorded on a Bomem apparatus in the 4000-400 cm -1 range, with a resolution of 4 cm -1 . The IR spectra were obtained from powders in KBr discs. TG Curves were obtained under N 2 atmosphere at a heating rate of 10 ºC min -1 , employing a Shimadzu TGA-50 apparatus. For all TG curves, a sample of 20 ± 0.5 mg of compound was employed.
RESULTS AND DISCUSSION
The C, H and N elemental analysis results for the adducts and the main IR bands for the free ligands and adducts are summarized in Tables I and II, 
(C=S)+ d(NCS), c g(C-N)+ d(NCN)
Based on the IR data shown in Table I , and on the obtained data for a series of other synthesized compounds, 4-11 it can be concluded that eu and pu coordination occurs through oxygen. Namely, for cyclic amides, such as eu and pu, a decrease (negative shift in comparison with the free ligand) in the carbonyl stretching band associated with an increase for both, amide II and C-N stretching bands are evidence of coordination through oxygen. For cyclic thioamides, such as etu, an increase of the thioamide I band and a decrease of the g(C=S) + d(NCS) and g(C-N) + d(NCN) bands are associated with coordination through nitrogen. Hence, for the studied etu adducts, nitrogen is the employed coordination site. Such a difference in the coordination features of eu, pu and etu was previously explained 10 by using resonance structures.
It was recently shown that for coordination compounds, IR, TG and solution calorimetric data are very closely related, 14 with the investigation of empirical correlations and the proposal of empirical equations in order to rationalize such correlations. Thus, some conclusions about the cation acidity and thermal stability trends can be made based on the obtained infrared data (negative or positive chemical shifts of the amide or thioamide I band). Hence, for the Mo(V) adducts, the bonds are considered to be stronger with pu than with eu. Furthermore, for the Ni(II) adducts, the bisadduct is probably the most stable (higher positive shift of the thioamide I band). This hypothesis is reasonable, taking into account that, in the bisadducts, there are two ligands providing electronic density for the metal cation, resulting in the formation of a stronger bond with each individual ligand, compared with the adduct with four ligand molecules.
The Al(III) adducts exhibit a single mass loss step associated with the release of ligands in the gas phase, with solid state halide remaining in the crucible. That is, under heating, AlCl 3 . nL (s) ® AlCl 3 (s) + nL (g). Hence, it could be that, at least from an energetic point of view, the coordination features of all the ligands are equivalent in both complexes. Furthermore, both adducts start to thermally degrade at the same temperature: 220 ºC. Such a fact is in agreement with the obtained IR data, since both adducts exhibit the same value for the amide I band. The experimental percentage ligand mass losses are in good agreement (± 5 %) with the calculated values, based on the molecular formulas.
Molybdenum, nickel and germanium adducts also exhibit a single mass loss step associated with the release of ligands, and, hence, for these compounds, the same arguments as for the aluminum compounds can be presented. The temperatures of the begin of thermal degradation are as follows: MoCl 5 . 2eu (170 ºC), MoCl 5 . 2pu (180 ºC), GeCl 4 . 2etu (250 ºC), NiCl 2 . 2etu (260 ºC) and NiCl 2 . 4etu (240 ºC). As an illustrative example, the TG curve for the adduct GeCl 4 . 2etu is shown in Fig. 2 .
The higher thermal stability of MoCl 5 . 2pu in comparison with MoCl 5 . 2eu, is in agreement with the higher basicity of pu, as verified by solution calorimetry of the copper adducts, 6 and is also consistent with the obtained IR data. The higher thermal stability of NiCl 2 . 2etu than of NiCl 2 . 4etu is a consequence of a stronger metal cation-ligand interaction for the bisadduct, due to the smaller number of ligands providing electron density to Ni 2+ . Once again, the thermal stability sequence is in agreement with the expected results, taking into account the IR data. On the other hand, considering the ionic radius and charge (Ge 4+ 54 pm; Ni 2+ 69 pm), a stronger metal cation-ligand interaction could be expected and hence a higher thermal stability of GeCl 4
. 2etu compared with NiCl 2 . 2etu. However, the opposite behaviour was observed. It is assumed that the "open" shell of Ni 2+ (3d 8 ) favours interaction with the basic ligand center (N, in this case) whereas the closed shell of Ge 4+ (3d 10 . 4etu (eu = etilen-urea, etu = etilen-tiourea i pu = propilen-urea) i okarakterisani elementalnom analizom (C, H, N), infracrvenom spektroskopijom (IR) i termogravimetrijom (TG). Rezultati IR-a pokazuju da se eu i pu koordinuju preko kiseonika, a etu preko azota. Za sve izu~avane adukte prime}en je gubitak mase u jednom stupwu pra}en osloba|awem molekula liganda. Utvr|ene su empirijske zavisnosti ukqu~uju-}i TG i IR podatke. 
